Kazachstania slooffiae is a porcine intestinal yeast whose role in the intestinal environment is largely unexplored. Therefore, the impact of K. slooffiae on growth performance, intestinal microbial metabolites and the microbiota of weaned piglets was investigated in this study. Forty-eight German Landrace pigs were weaned at day 27 or 28 of life and grouped into one control and three treatment groups. During the 5-week experiment, piglets had ad libitum access to feed and water. On days 5, 6 and 7 post weaning, pigs were orally supplemented with either placebo or K. slooffiae cells once a day. Faecal samples collected on days 5-8, 14, 21 and 28 post weaning were used for microbiological and chemical analyses. Between groups, there were no significant differences in the incidence of diarrhoea, pH and growth performance. Total yeasts and K. slooffiae correlated positively with total short-chain fatty acids, acetic, propionic, n-butyric, i-valeric and valeric acids, and negatively with pH. Pyrosequencing of the bacterial intestinal community revealed that K. slooffiae significantly affected the composition of the microbiota. The results of this study suggest that K. slooffiae may play an important role in the porcine digestive system, especially in the critical weaning period.
INTRODUCTION
Weaning is one of the most stressful phases in pigs' life associated with physiological, environmental and social challenges. Nutrient disruptions, dramatic alterations of the intestinal microbiome and an immature mucosal immune system at weaning may lead to proliferation of enterotoxigenic bacteria and viruses, accompanied by high incidence of post weaning diarrhoea (Bailey et al. 2001; Lallès et al. 2007) .
The gastrointestinal tract (GIT) of pigs is a tremendously complex environment inhabited by large numbers of microbes, playing a crucial role in animal health (Isaacson and Kim 2012) . Recent developments in the field of high-throughput DNA sequencing methods have led to a renewed interest in the composition of the intestinal microbiota, particularly bacteria. So far, however, there has been little discussion about yeasts in the GIT of animals . In some studies, the numbers of cultured yeasts observed in different parts of the porcine GIT were affected by age of the animals or diet (Canibe and Jensen 2003; Mikkelsen, Jakobsen and Jensen 2003; Højberg et al. 2005) . But, the possible role of yeasts in the GIT could not be deduced by the authors because of a lack of information on intestinal yeasts.
At weaning, pigs' intestine inhabits at least 17 different yeast species. The establishment of the most dominant yeast Kazachstania slooffiae in the intestine of apparently healthy piglets begins when they start eating grain-based diet (Urubschurov et al. 2008) . Previously, an increase of yeasts, with K. slooffiae being the dominating species, significantly correlated with an increase of Lactobacillus and a decrease of Enterobacteriaceae in faeces of weaned piglets . Such development may be favourable at the critical time of weaning, because an increase of Lactobacillus (Servin 2004 ) as well as a decrease of particularly opportunistic pathogenic Escherichia coli strains is generally accepted as beneficial for intestinal health.
Although K. slooffiae was described more than 50 years ago, little is still known about its functions and activities in the porcine intestine . This yeast species has been frequently found in different parts of the GIT of apparently healthy pigs at relative high [∼10 6 colony forming units (CFU) g −1 ] quantity, and therefore considered as a natural inhabitant of the porcine intestinal environment (Van Uden and Carmo-Sousa 1962; Mehnert and Koch 1963; ). To our current knowledge, K. slooffiae is not associated with any disease or digestive disorder in swine. Therefore, the main aim of this study was to examine whether K. slooffiae could play a role in the intestinal ecosystem of piglets around weaning. Further objectives were to investigate whether after one, two or three supplementations of K. slooffiae cells, this yeast can reliably establish in the intestine and affects piglets' growth performance, faeces consistency, composition of the intestinal bacterial microbiota and production of the intestinal microbial metabolites.
MATERIALS AND METHODS
The study and all animal handling procedures were approved by the Landesveterinär-und Lebensmitteluntersuchungsamt Mecklenburg-Vorpommern, Rostock, Germany (AZ:7221.3-2.1-004/13). 
Animals housing, experimental procedure
German Landrace piglets (n = 48, taken from 11 litters) originated from the experimental farm of the Leibniz Institute for Farm Animal Biology (FBN -Dummerstorf) were weaned on days 27-28 of life. They were assigned to one control (CG, n = 12) and three treatment groups (TG, n = 12 each) based on even distribution of body weight and litter mates. The piglets were kept individually in cages (L × W × H in m: 1.21 × 1.98 × 0.67) at the experimental station of the University of Rostock. There was absolutely no direct contact between animals from different groups. The piglets had ad libitum access to water and feed (Table 1) . To prevent an antimicrobial effect on the intestinal microbiota, the content of copper and zinc in the feed was reduced to minimum requirement levels according to recommendation of the GfE (2006) . No antibiotics were used before and throughout the whole experiment. The room temperature was set at 28 • C, lowered every 5 days about 1 • C and was 22
• C at the end of trial.
Kazachstania slooffiae strain used in this study was isolated from pig's individual faeces and identified according to alignment of DNA sequences of the 26S rRNA gene to the sequences in existing DNA databases applying BLAST (Altschul et al. 1997) . This strain was cultured by Biopract GmbH (Berlin, Germany). The whole experimental procedure is schematically shown in Table 2 . To control for stress, all pigs were equally handled. After faecal sampling, on d5, d6 and d7 post weaning (pw), each pig was orally supplemented with 5 mL day −1 either placebo (0.9% NaCl solution without K. slooffiae) or K. slooffiae (0.9% NaCl solution with 5.5 × 10 8 CFU). In total, piglets were administered:
in CG three-times placebo (3Pl), in first TG (1Ks) once K. slooffiae and twice placebo, in second TG (2Ks) twice K. slooffiae and once placebo, and in third TG (3Ks) three times K. slooffiae (see Table 2 ). Average daily feed intake (ADFI), averaged daily gain (ADG) and feed conversion ratio (FCR) were calculated. Faecal consistency score (FCS, 1 = solid, dry; 2 = soft, formed; 3 = soft, unformed; 4 = pasty; 5 = liquid) was daily recorded. The scores 4 and 5 were defined as diarrhoea. Additionally, faecal dry matter (DM) content was determined by drying the faeces to a constant weight (105 • C, 17.5 h). A cut-off value of 20% faecal DM was defined as diarrhoea (Klindworth and Allen 1966) . The diarrhoea incidence were determined by summing up the number of days at which pigs had diarrhoea recorded through the total period (d5 -d28 pw) of the study, and also separated into three periods: first period from d5 to d14 pw, second period from d15 to d21 pw and third period from d22 to d28 pw. Faeces were collected directly from the rectum of pigs and immediately transported to the laboratory using an ice box.
Chemical analyses of faeces
Three gram of each faecal sample were mixed with 9 mL sterile H 2 O in 15 mL tubes. A portion of the mix was transferred to sterile tubes and stored over 3/4 weeks at −22 • C before DNA extraction. The rest was centrifuged at 5000 g for 10 min, and supernatant was stored as above for further analyses. All faecal samples of eight randomly chosen pigs per group were analysed for pH, ethanol, propanol, NH 3 and lactic, acetic, propionic, n-butyric, i-butyric, valeric, i-valeric and caproic acids (Hoedtke and Zeyner 2011) . All concentrations were calculated as mmol L −1 of substance of native water content in faeces (Zeyner, Geissler and Dittrich 2004) . Total short-chain fatty acids (SCFA) and ratio of acetic to propionic acid (A/P) were calculated.
DNA extraction
According to manufacturers' protocols, total genomic DNA (gDNA) was extracted from diluted faecal samples using the PowerLyzer PowerSoil DNA Isolation kit (MoBio Laboratories, Inc, Hamburg, Germany), and concentration of gDNA was measured using Quant-iT dsDNA Broad-Range Assay Kit (invitrogen, Darmstadt, Germany) on a Qubit R 1.0 Fluorometer (Invitrogen). gDNA isolated from faeces were diluted with sterile PCR-grade water to set up a working solution containing 10 ng DNA μL −1 .
Yeasts enumeration
The fresh faecal samples were serially 10-fold diluted, cultured in duplicates on Sabouraud 2% glucose agar (Merck KGaA, Darmstadt), containing 50 μg mL −1 chloramphenicol for 5 days at 37
• C . After manual enumeration, the counts were given as log CFU g −1 fresh faeces.
Quantification of total yeasts and of K. slooffiae via qPCR was performed as previously described (Urubschurov et al. 2015) . All samples including negative controls were analysed in triplicate on a StepOnePlus Real-Time PCR System (v. 2.2, Applied Biosystems, Darmstadt). The primers NL1 (5 -GCA TAT CAA TAA GCG GAG GAA AAG-3 ) and LS2 (5 -ATT CCC AAA CAA CTC GAC TC-3 ) amplified D1 Domain of 26S rRNA gene were used for quantification of total yeasts (Cocolin, Bisson and Mills 2000) . Kazachstania slooffiae was quantified using primers KSact-f (5 -CAA ACC GCT GCC CAA TCT TC-3 ) and KSact-r (5 -GCT TCA AGA CCC AAG ACG GA-3 ) encoding act1 gene. The results of qPCR were expressed as log copies per 50 ng gDNA.
Pyrosequencing of bacterial microbiota
The gDNA from faeces collected on d5, d14 and d21 pw were amplified for the 16S rRNA gene using primers 27F (5 -AGA GTT TGA TCC TGG CTC AG -3 ) and 338R (5 -TGC TGC CTC CCG TAG GAG T-3 ) containing the GS FLX Titanium adaptors and barcodes (Hamady et al. 2008) . MyTaq HS Mix (Bioline, Luckenwalde, Germany) was used for PCR. The final concentration of the primers was 0.4 μM each and 1 μL of working solution was added as template. The target sequences were amplified by PCR in a Thermocycler T 3000 (Biometra GmbH, Göttingen, Germany), applying the following program: 3 min at 95
• C, followed by 30 cycles of 
Bacterial community composition analysis
After reads sorting, barcodes and primers were clipped out from the reads. Reads longer than 300 bp. and without undefined base calls (Ns) were aligned using the SILVAngs data analysis service (Klindworth et al. 2013) . This automated pipeline aligns the reads to curated database using the SINA aligner (Pruesse, Peplies and Glockner 2012) , where problematic reads such as PCR artefacts (including potential chimeras) and non-ribosomal reads are filtered out. The reads that have not been rejected in the first step were quality filtered with the following settings: reads shorter than 50 aligned nucleotides and reads with more than 2% of ambiguities, 2% of homopolymers or low alignment quality (40 alignment score reported by SINA). After alignment, sequences are dereplicated by clustering sequences that are 100% identical (allowing overhangs) and clustering sequences by 98% sequence identity to each other (pairwise distance and single linkage clustering) using CD-HIT (Li and Godzik 2006) . The longest read in each cluster was BLAST searched against SILVA SSU Ref 115 for the classification of sequences (Camacho et al. 2009 ). The resulting classification of the reference sequence of a cluster was mapped to all members of the respective cluster as well as their replicates. Sequences having an average BLAST alignment coverage and alignment identity of <93% were considered as unclassified and assigned to the virtual taxonomical group 'No Relative'. The complete data of the samples was deposited in the European Nucleotide Archive under accession number PRJEB8368.
Statistical analyses of the operational taxonomic units
Operational taxonomic unit (OTU) counts based on genus level were rarefied to 1000 reads per sample using the single rarefraction.py script implemented in Qiime version 1.9.0 (Caporaso et al. 2010) . The rarefied data were used for a principle coordinate analysis (PCoA) using the Bray-Curtis similarity index. The first two coordinates were plotted to visualise the relative similarity in community composition across samples. Spearman's rank correlation was used to compare the coordinates to OTU abundance to determine taxonomic drivers of the PCoA separation. The rarefied reads were used for estimation of the OTU richness (number of unique taxa) and diversity (Shannon's entropy). All ecological statistics were performed using the PAST software package version 3.0 (Hammer, Harper and Ryan 2001) .
Further statistical analyses
The investigated trait observations were normally distributed. In any of the investigated traits, no significant deviation from normal distribution was detected (Shapiro Wilk Test). The observed data gained from all piglets included in the study were analysed for parameters of growth performance, consistency of faeces, yeast counts, diversity indices and metabolites (Table S1 , Supporting Information) by adapting the MIXED procedure using the SAS package version 9.4 (SAS Institute Inc., Cary, NC). The general statistical model followed strictly the study design:
where y hi jkl -observed trait value, μ -general mean, dpw h -fixed effect of day post weaning (h = 1 . . . 7, dpw terms were 5, 6, 7, 8, 14, 21 and 28) ,
experimental group terms were 3PI, 1Ks, 2Ks, 3Ks),
First, all traits were analysed including all these factors in the model for testing fixed effects regarding their relevance. In some of the investigated traits, another factor (post weaning week) was significant, whereas day post weaning was not. In those cases, the post weaning week effect was incorporated in the model instead of the day post weaning effect. Besides the main analyses for each trait based on the full model, a huge number of additional trait specific analyses were conducted by means of a less comprehensive model. For more specificity and for a more detailed insight, for example, all experimental groups were additionally tested against each other within each investigated day post weaning or post weaning week separately. Significance of fixed effects and group differences were declared in cases of P < 0.05 (based on F-test and t-test, respectively).
Pairwise trait relationships between yeasts and metabolic traits were of special interest. The Pearson correlation coefficients were calculated first between both groups of traits. A detailed bivariate analysis of each pair of traits suggesting a significant correlation was carried out using the REG procedure.
The Box-Whisker plots were constructed using STATISTICA (version 7.1., StatSoft Europe GmbH, Hamburg, Germany).
RESULTS
From all fixed effects (Table S1 , Supporting Information), age was the most important factor that highly significantly influenced almost all traits. It was followed by litter. In some of the comprehensive analyses, an animal effect was also significant.
Piglets' growth performance and faeces consistence
In general, there were no significant differences between all groups in ADF, ADG and FCR during the study (Table S2 , Supporting Information). However, FCR of 1Ks were higher compared to 3Pl (P < 0.019) and 2Ks (P < 0.007) in the fourth week, and to 2Ks (P < 0.05) and 3Ks (P < 0.015) in the fifth week. No significant differences in the incidence of diarrhoea (Fig.  S1 , Supporting Informatin) and also in body weight, pH and faeces DM (Table S3 , Supporting Information) were observed between all groups. On d5 pw, pH of 3Pl and 1Ks were higher (P < 0.03 and P < 0.05, respectively) than the values of 3Ks. A total of 336 faecal samples analysed for DM varied from 11.7% to 43.4% with an average of 27% in all groups. The DM of 24 samples was below the cut-off value of 20%.
Yeasts enumeration
The quantitative changes of total yeast from 336 faecal samples were analysed using cultivation. Of these, 197 samples were used for quantification of total yeast and Kazachstania slooffiae via qPCR. The results of these analyses are shown in Fig. 1 and Table S4 (Supporting Information). On d5 pw, no differences in yeast numbers were found between all groups. In 25 from 48 examined pigs, the numbers of cultured total yeasts (CulTY) ranged from 3.0 to 6.9 log CFU g −1 faeces. The other pigs had either no yeasts (n = 16) or their counts were relatively low (∼2.0 log CFU g −1 faeces). Using qPCR, in 19 samples the copies of total yeasts (CopTY) ranged from 4.4 to 6.8, and in 13 samples the copies of K. slooffiae (CopKs) ranged from 3.2 to 5.1. On d6 pw, the CFU of CulTY increased by 2-3 log levels in all yeast-treated pigs (1Ks, P < 0.005; 2Ks, P < 0.003; and 3Ks, P < 0.05 vs 3Pl) in comparison to CG. The same was found on d7 and 8 pw (P-values, from <0.001 to <0.04). On d14 pw, the counts of CulTY were significantly higher only in 1Ks when compared to 3Ks ab Different lower case letters referred to significant effects (P < 0.05) between 3Pl (control group with three supplementations of placebo), 1Ks (first treatment group with a single supplementation of K. slooffiae), 2Ks (second treatment group with two supplementations of K. slooffiae) and 3Ks (third treatment group with three supplementations of K. slooffiae) within a trait (CulTY-cultured total yeasts, CFU g −1 fresh faeces; CopTY-copies of total yeasts, copies per 50 ng gDNA; and CopKs-copies of K. slooffiae, copies per 50 ng gDNA). On d5, d6 and d7 pw, pigs were orally supplemented depending of group with either placebo, or K. slooffiae cells once a day.
(P <0.04; Fig. 1 ). The qPCR results of CopTY on d6 pw were in line with the cultivation results (all P-values were <0.001; Fig. 1 ), and the counts of K. slooffiae were almost doubled (not significant) in all TG compared to CG. However, on d7 pw the CopTY were significantly higher in 2Ks compared to 3Pl (P < 0.01) and 3Ks (P < 0.004), but not to 1Ks. On d14 pw, the CopTY were lower in 3Ks than in 3Pl (P = 0.022), 1Ks (P = 0.024) and 2Ks (P = 0.080). Significant differences in CopKs could be determined on d7 pw (2Ks were higher than in 3Pl, P < 0.006 and in 1Ks P < 0.05), and on d14 pw (1Ks were higher than 2Ks, P = 0.015 and 3Ks, P = 0.036).
Regardless of the experimental day, the proportion of K. slooffiae was 70.1% ± 3.5% of total faecal yeast concentration detected via qPCR.
Response of the bacterial microbiota to establishment of the yeast
From 1060 592 reads generated, 93% high-quality reads with an average 10 288 ± 5213 per sample were obtained. Since the samples had different number of reads, all data were rarefied and taxonomically classified. The analysis of OTUs abundances revealed a total of 14 different bacterial phyla (Fig. S2 , Supporting Information). Most sequences were related to Firmicutes (58.9%) Bacteroidetes (37.2%) and Actinobacteria (1.3%); others were represented below 1% (Table 3 , Supporting Information). On d5 pw, the proportion of the Firmicutes and Bacteroidetes was similar in all groups (∼56/41). However, more Firmicutes (2Ks vs 1Ks, P = 0.021) and less Bacteroides (2Ks vs 1Ks, P = 0.015; and 3Ks vs 1Ks, P = 0.026) could be found on d14 pw in 2Ks and 3Ks compared to 1Ks, and the other way around on d21 pw. The analysis on OTU revealed that only on d14 pw the microbiota composition of 2Ks and 3Ks is very similar in comparison to the microbiota of 3Pl and 1Ks (Fig. 2) . At this day, the highest OTU richness was observed in 3Ks followed by 2Ks. The Shannon index showed that the bacterial communities of 2Ks (P = 0.007) and 3Ks (P < 0.001) were more diverse than in 3Pl (Fig. 2D) . The samples of 2Ks and 3Ks were clearly separated from the samples of 3Pl and 1Ks along the first axis (Fig. 2B ). Spearman's rank analysis of the Table 3 . Relative abundances (mean, %) of the OTUs of total bacterial communities from piglets' faeces collected on days 5, 14 and 21 pw. The means were calculated by considering all OTUs from each phylum or class.
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In these columns are shown only OTUs that represented above 1% of total bacteria population. Because of enormous amount of data, only relative abundances of two levels: phylum and class were statistically tested for intergroup differences.
a-c Different lower case letters referred to significant effects (P < 0.05) between 3Pl (control group with three supplementations of placebo), 1Ks (first treatment group with a single supplementation of K. slooffiae), 2Ks (second treatment group with two supplementations of K. slooffiae) and 3Ks (third treatment group with three supplementations of K. slooffiae)
within a trait and a day of investigation. . The PCoA were constructed based on Bray-Curtis dissimilarity between 3Pl (filled circle, control group with three supplementations of placebo), 1Ks (filled square, first treatment group with a single supplementation of K. slooffiae), 2Ks (filled triangles, second treatment group with two supplementations of K. slooffiae) and 3Ks (filled diamonds, treatment group with three supplementations of K. slooffiae). Each symbol corresponds to a sample. The closer the symbols are depicted in a plot, the more similar the samples.
OTUs shows that samples of 2Ks and 3Ks significantly correlated with much more OTUs (e.g. at first axis: n = 18 vs n = 11; see Fig.  S3 , Supporting Information) than in 3Pl and 1Ks. The top three highest (r = 0.8-0.9) correlated OTUs to 3Pl and 1Ks were Prevotella, Dialister and Acidaminococcus, and to 2Ks and 3Ks by unclassified Christensenellaceae, Ruminococcaceae and S24-7. In the course of time, the relative abundances of Prevotella and Megasphaera altered from high on d5 to low on d14 and to high on d21 in 2Ks and 3Ks and the other way around in 3Pl and 1Ks. The numbers of Lactobacillus were highly variable among pigs with no differences between groups.
Metabolites in faeces
To determine the activity of intestinal microbiota, the concentration of organic acids and NH 3 in faecal water is analysed (Table 4; for P-values see Table S5 , Supporting Information). The data of ethanol, propanol and lactic acid are not shown because these compounds were occasionally determined during the whole trial. In general, at the beginning of the study, propionic, n-butyric, valeric, caproic and total SCFA were significantly higher in 3Ks than in 3Pl. On d6 pw, however, no significant differences were determined in any of the metabolites. It is striking that on d7 pw, i-butyric and i-valeric acids were significantly higher in 3Ks than in 3Pl and 1Ks. One day thereafter, the concentration of these acids and additionally of valeric acid increased in all TG compared to CG, but only in 3Ks significantly. In contrast, on d14 pw, i-butyric, i-valeric and acetic acid were significantly higher in CG than in all TG. On d21 and d28 pw, propionic, n-butyric and valeric acid were numerically lower in CG compared to all TG, and significantly lower than at least in one of the TG (in most cases in 3Ks). Over the whole experimental period, the concentrations of almost all SCFA were lower in CG than in 3Ks, but only propionic, valeric acid and total SCFA became significant. Moreover, NH 3 was significantly higher in 2Ks and 3Ks than in 3Pl and 1Ks. In contrast, the A/P ratio was significantly higher in 3Pl compared to 3Ks on d7, d21 and d28 and lower compared to 2Ks on d8 pw.
In course of the study, Pearson's coefficients showed that pH was negatively correlated to most acids such as acetic, propionic, n-butyric, valeric and caproic acid (Table S6 , Supporting Information). Over the total experimental period, CulTY and CopKs were correlated negatively with pH (r = 0.2, P < 0.010), and Table 4 . Concentration (mean ± SD) of metabolites in faecal water and calculated ration of acetic to propionic acid (A/P). Different lower case letters referred to significant effects (P < 0.05) between 3Pl (control group with three supplementations of placebo), 1Ks (first treatment group with a single supplementation of K. slooffiae), 2Ks (second treatment group with two supplementations of K. slooffiae) and 3Ks (third treatment group with three supplementations of K. slooffiae) within a trait. DPW, day post weaning; SCFA, short-chain fatty acids.
Concentration (mmol L
positively with total SCFA, acetic, propionic and n-butyric acid, (∼r = 0.23, P < 0.01). Positive correlation was also obtained between CulTY and NH 3 r = 0.19 (P < 0.003), i-valeric and valeric acid r = 0.15 (P = 0.02).
Considering individual days, the values from d6 pw are particularly striking. Significant correlation between all yeast counts and almost all metabolites was positive for this day (Table S6 , Supporting Information).
DISCUSSION
In this study, the role of Kazachstania slooffiae on the intestinal microbial activity and composition of the intestinal microbiota in weaned piglets was comprehensively analysed.
Weaning is a stressful event in piglets' life. Dramatic changes of microbial composition in the GIT were observed already on the day thereafter (Janczyk et al. 2007; Pieper et al. 2008) . Taking it into consideration, in this study the yeast was not administered directly after weaning. Otherwise it would be very difficult to determine which factor (K. slooffiae or weaning) has stronger effect on the composition of microbiota. On the fifth day post weaning, however, the main bacterial groups (e.g. lactobacilli) may quickly adapt to new conditions and might reach concentrations in the intestine earlier (Janczyk et al. 2007; Pieper et al. 2008) .
The establishment of K. slooffiae in the intestine of piglets may depend on many factors like animals' age, type of food (e.g. milk or grain-based diet) as well as farm environmental conditions (Urubschurov et al. 2008; . Directly after weaning, yeasts were generally found in the porcine GIT at low concentrations. The natural establishment of K. slooffiae occurs slowly under modern farming conditions . The results of this study confirm this observation. However, the present findings clearly showed that K. slooffiae can colonise the pig's intestine after one supplementation only.
The supplementation of K. slooffiae did not affect growth performance of pigs except for FCR and ADG of 1Ks in the two last weeks of the experiment. Three of 12 examined 1Ks piglets had distinctly lower ADFI and ADG than other animals in the corresponding period, which possibly affected the average calculated values of this group. During the whole study, neither conspicuous abnormal behaviour nor diarrhoea was observed in these piglets. So, it can be assumed that these results may be influenced by the animal factor, rather than by the yeast treatment.
One of many yet unanswered questions regarding gastrointestinal ecology is what happens in the intestine when yeasts colonisation is increased. Before administration of K. slooffiae, no differences in the composition of bacteria between groups were observed using PCoA. Thus, pigs kept under the same conditions usually have a similar composition of the intestinal microbiota (Kim et al. 2011) . In line with previous reports (Allen et al. 2011; Kim et al. 2011; Looft et al. 2014) , the majority of the bacterial microbiota found in this study is from two phyla: Firmicutes and Bacteroidetes. However, the proportion of these phyla in the intestine changes over time (Kim et al. 2011) , as it was the case in this study (increasing of Firmicutes and decreasing of Bacteroidetes). Such changes in Firmicutes and Bacteroidetes in the intestine found in some human, and mice studies were associated with obese individuals, but in others this relationship was not observed (Gerritsen et al. 2011) . In spite of the fact that Firmicutes and Bacteroidetes comprise highly diverse genera, the data on the proportion of these phyla seem not informative enough to draw conclusions (Scott et al. 2015) . Apart from this, the population of bacteria in repeatedly yeast-treated piglets was found to be much more diverse than in other groups. A complex and diverse microbiota is an important factor for intestinal colonisation resistance and thus for the host well-being (Lawley and Walker 2013) .
All bacterial groups found in this study have been commonly isolated from porcine intestine. For instance, Prevotella and Clostridia (e.g. Clostridium clusters IV, XIVa) belong to the most dominated groups in the intestinal ecosystem of pigs (Leser et al. 2002; Isaacson and Kim 2012) . In a longitudinal study, Kim et al. (2011) found that the proportions of Prevotella and Megasphaera in the intestine of pigs were high at 10 weeks of life, but decreased during the trial and were ∼10-fold lower at the end (at 22 week of life) of the study. Similar variation in the development of Prevotella and Megasphaera was also observed in this study. Prevotella is known to be associated with carbohydrates-rich diets (Wu et al. 2011) . But in this study only one diet was offered to pigs. Therefore, observed modification of the microbiota was very likely influenced by K. slooffiae establishment.
However, the physiological significance of such changes in the composition of microbiota does not appear entirely clear. Despite expansion of the current knowledge in this field, there are still uncertainties regarding the so-called healthy microbiota, particularly at a certain age of the animal. Because of discrepancies (e.g. nutritional, environmental, interindividual) in experimental designs between studies, it is difficult to establish whether increase/decrease of certain bacteria groups or one group are favourable or not for the host.
Deviating from the previous study , where yeasts and Lactobacillus were enumerated via cultivation, in the present research, based on cultivation independent methods, there was no clear relationship between K. slooffiae supplementation and Lactobacillus. These findings, however, are not mutually comparable due to differences in the used methodology. The relative abundance of a taxonomic group obtained via pyrosequencing does not represent the absolute quantity of a bacterial community (Amend, Seifert and Bruns 2010) but rather trends in abundance.
Intestinal microbes produce numerous metabolites which play various crucial roles for the host's health (Nicholson et al. 2012) . Hence, it was important to explore whether a K. slooffiae supplementation has both short-term (after each supplementation of yeast) and relative long-term (within 3 weeks after last yeast administration) effect on the production of intestinal metabolites. With the exception of 1 day, over the whole period 3Ks had the highest amount of total SCFA, i-valeric, valeric, caproic acid and NH 3 compared with other groups. That these changes related with the increased concentration of K. slooffiae and total yeasts were confirmed also by means of Pearson's analysis. Like in this study, lactic acid is not usually detectable in the faeces of apparently healthy pigs, as this acid can be utilised by other bacteria by synthesising propionate or acetate (Tsukahara and Ushida 2001; Janczyk et al. 2015) .
Increased SCFA (mainly acetic, propionic and n-butyric acid) concentration, produced predominantly by the carbohydrates fermentation in the large intestine, could have beneficial effects on pigs' welfare. Because, SCFA serve among variety of regulatory features in the host's metabolism also as energy source for host (for review, see Bergman 1990; Williams, Verstegen and Tamminga 2001; den Besten et al. 2013) . Especially, n-butyric acid is considered as main energy sources for colonocytes and plays an important role for proliferation and differentiation of epithelial cells (Wong et al. 2006) . Moreover, high amounts of SCFA concomitant with low pH may inhibit the growth of intestinal pathogens (Wong et al. 2006) . But, valeric acid and NH 3 is associated with an increased proteolysis (Rasmussen, Holtug and Mortensen 1988; Macfarlane and Macfarlane 2003; Windey, De Preter and Verbeke 2012) , which is generally considered to be more likely undesirable in the large intestine of pigs, as NH 3 and some other potential toxic products like amines, phenols, and indoles may formed by proteolysis (Gaskins 2001) . However, considering the fact that poisons may harm or help depending on concentration and certain conditions (Lane and Borzelleca 2008) , the possible toxic properties of a substance do not say much about its physiological relevance in the intestinal environment. Until now, there is no clear evidence which concentration of the substances produced in the intestine during proteolysis could be harmful for swine. Even if these metabolites are detected in the intestine of healthy individuals in lower concentrations than acetic, propionic and n-butyric acids, they could be of relevance for the host. For example, intestinal bacteria utilised NH 3 as a nitrogen source and can produce amino acids which could largely influence amino acids homeostasis in porcine intestine (Takahashi, Benno and Mitsuoka 1980; Metges 2000; Yang, Dai and Zhu 2014) .
With respect to proteolysis, it is believed that high-protein diets can increase production of fermentation products and the high buffer capacities could increase intestinal pH and thereby lead to proliferation of potential pathogens associated with high incidence of diarrhoea. The latter has been commonly observed in piglets within the first 2 weeks of the critical post-weaning period (Heo et al. 2013; Rist et al. 2013) . It is worth noting that in this study no significant differences in the occurrence of diarrhoea and faecal pH between all groups were found. On the contrary, yeast counts correlated negatively with faecal pH. Furthermore, abundance of potential pathogens, such as Escherichia-Shigella and Campylobacter, was negligible (<0.1% of the total population) in all pigs regardless of group and day. In general, the results of this study are not really suitable to determine an effect of K. slooffiae on pathogens because the piglets were born and kept under high hygienic conditions at the farm with low level of pathogens. Therefore, a challenge experiment must be carried out to examine possible antagonistic activity of K. slooffiae against harmful bacteria. Based on our results, we cannot verify whether K. slooffiae may affect the occurrence of diarrhoea. But it can be assumed that supplementation of K. slooffiae did not cause diarrhoea, at least when it was administered in the used dosage three times.
Although the findings of present work deal with faecal microbiota, which is comparable with the microbiota of the large intestine (Looft et al. 2014) , the interplay between K. slooffiae and bacteria could already occur in the small intestine as yeasts, including K. slooffiae, can reach a relatively high concentration (∼10 6 CFU g −1 ) in the terminal ileum (Urubschurov et al. 2008) .
CONCLUSIONS
The study showed that Kazachstania slooffiae may interact with intestinal bacteria and thereby influence the carbohydrate and protein metabolism of the host. The results described so far suggest that administration of K. slooffiae three times could beneficially modify the porcine intestinal microbiota. Supplementation of K. slooffiae to pigs could be of significant relevance, especially in the critical weaning period due to more SCFA being produced in the intestine. The findings of this study provided new insights into the putative role of yeasts in the intestine of pigs. But many questions have arisen concerning the interactions between K. slooffiae and different bacterial species (both beneficial e.g. Lactobacillus and potential pathogens) or communities and the promotion of the microbial proteolytic activity in the GIT. Thus, to better understand the mode of action of this species in the intestine, considerably more work is needed. The intestinal yeast can greatly influence the composition of bacterial microbiota and should be taken into account in further studies.
